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^7 20. (Twice Amended) The method of claim 19, wherein controlling the channel 
currents comprises: 

generating a plurality of pulse width modulated signals for the plurality of 
channels to control the channel currents, each of the plurality of pulse width modulated 
signals based at least in part on the one or more average channel current signals, one of 
the plurality of channel current signals, the second reference signal and the common error 
signal. 




(Twice Amended) A control circuit for a multi-phase DC/DC converter having an 



7 

>verte: 



r 




output voltage, the cont rol circuit comprising: ^ ^ J sC 

an averaging circuit responsive to a plurality of channel current signals \ 

representative of channel currents for a plurality of channels, that/averages the v alues of 1 

die plurality of channel current signals to produce one or more Signals representative of 

the average channel current: // 

an error amplifier, responsive to the output voltagefand a reference signal, the 

error amplifier providing a common error signal: and 

jesoonsive to the common error 
ge channel current, one of the 



a plurality of pulse width modulator cm 





signal, the one or more signals representative o 

plurality of channel current signals, and a seconLreference signal to produce a plurality of 
pulse width modulated signals to control theiPluraUtv of channels of the multi-phase 
DC/DC converter > 

23. (Amended) The control circuft of claim 22. wherein the averaging circuit further 
comprises: jy \ 

a summing circuit to ado the plurality of channel current signals to produce a sum: 

and 

a scaling circuit to^produce the one or more signals representative of the average 
channel current from the sum. 



n the s 
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24. (Amended) The control circuit of claim 22. further comprising: ( \ ^ 

// \ 
a signal combiner circuit responsive to at le^st the one or more signals 



representative of the average channel curre nt fron^he a veraging circuit and producing an 
output signal: and 



/ 

:infuit h 



wherein the pulse width modulator cinfuit has at least a first input responsive to 
the output signal of the signal combiner circmt 



25. (Amended) The control circuit of claim 24, wherein each pulse width modulator 
circuit has a second input responsi¥e%£(/the second reference signal. 




26. (Amended) The control cinffiit of claim 22. further comprises: 
a first difference ekeuit^j^dtfeing an output signal; ~ 



// 

3 circuit 



a second differencexircuit coupled to receive an output of the averaging circuit 
and an associated channel/current signal, the second difference circuit is adapted to output 
a signal that is equal associated channel current signal minus the one or more 
signals representativ^of the average channel current, an output of the second difference 



circuit is coupled to an input of the first difference circuit: and 

whereiniftie pulse width modulator circuit has a first input responsive to the output 
signal of the firest difference circuit. 



28> (Amended) A multi-phase DC/DC converter/having an output voltage comprising: 

a plurality of converter channels to supplWapluralitv of channel currents, each 
converter channel having a control input and anCutput: and ^fe* ^ 

a control circuit coupled to the con^f input of each converter channel to provide "T> 
each converter channel with an associated^ulse^idth modulated signal to regulate the 
channel current flowing through each converter channel, the control circuit is further 



/ 
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coupled to receive channel current signals representative of thefoluralitv of channel V 
currents, the control circuit comprising. If \ 

a scaling circuit responsive to the plurality^ channel current signals, thai 
produces one or more scaled values based on theypluralitv of channel current 
signals, jj 

an error amplifier, responsive to the output voltage and a first reference 
signal, the error amplifier providing a common error signal, and 

a plurality of pulse width modulato/circuits. each pulse width modulator 
circuit responsive to the common error signal, the one or more s caled values, one 
of the plurality of channel current signals/and a second reference signal to 
produce a plurality of pulse width modulated signals to control the plurality of 
channels of the multi-phase DC/DC^cc^iverter. 

L 29. (Amended) The DC/DC con£erter/3f claim 28> wherein the scaling circuit 
comprises: A/ 1 

a summing circuit to sum upith^pluralitv of channel current signals: and 
a scaler, responsive to an output s\rcil from the summing circ uit, that produces 
the one or more scaled values. // * 




30. (Amended) The DC/D6 converter of claim 28. wherein the scaling circuit 

g 

comprises an averaging c ircuit that produces one or more signals representative of the 

f 

average channel current signal. 



e^C/DC 



31. (Amended) ThefDC/DC converter of claim 28, further comprising: 

a signal combiner responsive to the one or more scaled values of the scaling 
circuit and producing an output signal: and 

wherein th/pulse width modulator circuit has a first input responsive to the output 
signal of the signal combiner circuiL 
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32. (Amended) The DC/DC converter of claim 31, wherein^ach pulse width 
modulator circuit has a second inpui responsive to the second/sference signal. 




33 > (Amended) A multi-phase DC/DC converter having/an output voltage, the 
converter comprising: ^ 

a plurality of convener channels, each convener channel having a control input to 
receive a control signal and an output, wherein each cozener channel is adapted to 



J 



output a converter channel current based at least on ttfe control signal received at the 
control input of the converter channel; and 
a control circuit comprising. 



7 



an error amplifier to output^ugammon error signal, the error amplifier 
coupled to a first reference signal andi^^utput voltage, a summing circuit 
coupled to receive channel current si^ials Representative of the converter channel 
currents, the summing circuit outpacing ^cumulative current signal representative 
£y of the summation of the channel durr^ri^ignals, 

a scaling circuit coupledjto the summing circuit and producing one or 
more scaled signals based on tJ^ cumulative current signal, and 

a pulse width modula^r for each converter channel, each pulse width 
modulator responsive to a combination of the one or more scaled signals, an 
associated channel curren^signal, a second reference signal, a nd the common 



error signal. 



urrenffs 

/ 



34, (Amended) The muM-phase DC/DC converter of claim 33, wherein each pulse 
width modulator has a fitA id second input, the first input of each pulse width 
modulator coupled to a combination of three of the one or more scaled signals, an 
associated channel current signal, a second reference signal and the erro r signal and the 
second input of eacfy^ulse width modulator coupled to the remaining one of the signals. 
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3S. (Amended) The DC/DC convener of daimOfr. wherein the scaling circuit divides 
the cumulative current signal by the numberof conyerrer channels to produce the one or 



more scaled sisals. 



2 



36. (Amended) The DC/DC converter'of claim 34. wherein the scaline circuit 
multiplies the cumulative current signal/bv a fraction to produce the one or more scaled 
signals. 



^2 



7 



37T (Amended) A method of balancing a plurality of channel currents of a plurality of 
channels in a multi-phase DC/DC converter having an output voltage, the method 
comprising: 

receiving a plurality of channel current signals, each of the plurality of channel 
current signals representative of a channel current from one of the plurality of channels; 

adding the plurality of channel current signals together to obtain a cumulative 
current signal; 

scaling the cumulative current signal to obtain one or more scaled channel current 

signals; 

comparing the output voltage with a first reference signal to produce a common 
error signal: and 

controlling each of the channel currents based at least in part on the one or more 
scaled channel current signals, one of the plurality of channel current signals, a second 
reference signal and_the common error signal. 

^ 12. 

3€. (Amended) The method of claim #7^ wherein controlling the channel currents 
further comprises: 

combining at least three of the, one or more scaled channel current signals, one of 
the plurality of channel current signals, one of the reference signals and the error signal: 
applying the combination to a first input of a pulse width modulator; and 
applying the remaining signal to a second input of the pulse width modulator. 



i 



v 
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X- 39? (Amended') A method of balancine a current from a plurality of channels in a 
multi-phase DC/DC converter having an output signal, the method comprising: 

combining a plurality of signals representative of channel currents ro create a sum 

signal; 

scaling the sum signal to create one or more scaled signals; 
generating a common error signal based on the output signal and a first reference 
signal: and 

generating a control signal at each of a plurality of pulse width modulators, each 
control signal based on a second reference signal, an associated channel current signal, 
the one or more scaled signals, and the common error signal* 



9^ 



& 



Jrf . (Amended^) A method of balancing current from a plurality of channels in a multi- 
phase DC/DC converter having an output signal, the method comprising: 

generating an error signal based on the output signal and a first reference signal; 
generating individual modification signals for modifying an effect of the error 
signal for each of the plurality of channels, each individual modification signal based at 
least in part on a signal representative of a channel current for the channel and one or 
more signals representative of a scaled sum of the channel currents for the plurality of 
channels: and 

applying the error signal and individual modification signals to a plurality of pulse 
width modulators for controlling the channel currents of the plurality of channels. 



(Amended) A control circuit for a multi/ehase DC/DC converter having an output 
voltage, the control circuit comprising: \ /\ 

a scaling circuit, responsive to a plurality of channel current signals represe ntative 
of channel currents for a plurality of cHannelf . that scales the values of the plurality of 
channel current signals to produce j£ne or more scaled signals: 



fit /o„ 
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an error amplifier, responsive to the outpurvoltage and a reference signal, the \ 
error amplifier providing a common error signal: and 

a plurality of pulse width modulatoiJnrcuiis. each responsive to the common error 
signal, the one or more scaled signals. orie^of\j^pIuralitv of channel current signals, and 



7 



I 



a second reference signal to produce a^luralitv of pulse width modulated signals to 



control the plurality of channels 



multi-phase DC/DC converter. 



/Please add the following new claims: 
~£ «4#. I (New) A method of balancing a plurality of channel currents of a plurality of 
channels in a multi-phase DC/DC converter having an output voltage, the method 
comprising: 

receiving a plurality of channel current signals, each of the plurality of channel 
current signals representative of a channel current from one of the plurality of channels; 

adding the plurality of channel current signals together to obtain a cumulative 
current signal: 

producing one or more signals that are a function of the cumulative current signal; 
comparing the output voltage with a first reference signal to produce a common 
error signal; and 

controlling each of the channel currents based at least in part on the one or more 
signals that are a function of the cumulative current signal, one of the plurality of channel 
current signals, a second reference signal and the common error signal. 

44? (New) The method of claim AS7 wherein controlling each of the channel currents 
further comprises: 

combining at least three of the, one or more signals that are a function of the 
cumulative current sipnal. one of the plurality of channel current signals, one of the 
reference signals and the error signal; 

applying the combination ro a first input of a pulse width modulator; and 
applying the remaining signal to a second input of the pulse width modulator. 
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45. (New) A conLrol circuit for a multi-phaseyPC/DC converter having an output 




I 



voltage, the control circuit comprising: 

a scaling circuit, responsive to a plurality of channel current signals representative 
of channel currents for a pluralit^fcliWiels, that scales the values of the plurality of 
channel current signals to produce one^3more scaled signals; 

an error amplifier, responsiv^toifhe output voltage and a reference signal, the 
1 ;rror amplifier providing a comn^JeiTor signal: and 



a plurality of pulse width modulator circuits, each responsive to the common error 
signal, the one or more scal^C signals, and one of the plurality of channel current signals 



to produce a plurality ofopulse width modulated signals to control the plurality of 



ofrjjul 

channels of the multi^^hase DC/DC converter. 



